Elastofibroma dorsi (ED) is considered a member of a heterogeneous group of benign fibrous (fibroblastic or myofibroblastic) softtissue tumors, frequently localized in the periscapular region in middle aged or older individuals. However, the pathogenesis of ED is still unclear and many authors believe that ED results from a reactive hyperproliferation of fibroblastic tissue, while others suggest that it may be a consequence of a mechanical friction. In our study, we examined 11 cases of ED using histochemical and immunohistochemical methods, in order to extend the knowledge about extracellular matrix composition and histopathogenesis of ED. From the results it appeared that stroma and interspersed spindle cells of ED were positive for both periostin and tenascin-C. Mast cells tryptase-positive were also abundant throughout the lesion. The perivascular distribution of periostin and tenascin-C, associated with the CD34 positivity, suggest that endothelial-mesenchymal transition events can account for neovascularization and production of fibroelastic tissue characteristic of elastofibroma. Our data obtained in endothelial cells cultures demonstrated that elastin production is higher when the status of confluence of the cells is low. So, we can assume that such a phenomenon is a characteristic of mesenchymal/endothelial cells CD34 positive, in which elastin production results to be inversely proportional to the vascular differentiation of cellular elements. In the light of these considerations, we think that a cancerous nature of ED is unlikely. Overall, our study report, for the first time, a detailed description of extracellular matrix composition in ED, suggesting that a mechanical strain-dependent reactivation of periostin and tenascin-C expression, as well as of elastin deposition, could be responsible for development of ED.
Introduction
Elastofibroma dorsi (ED) was first described by Järvi and Saxen in 1961 as a no encapsulated and slow growing lesion, characterized by abnormal elastic fibers in a stroma of collagen and fatty connective tissue. 1 Elastofibroma is currently considered a member of a heterogeneous group of benign fibrous (fibroblastic or myofibroblastic) soft-tissue tumors, frequently localized in the periscapular region of middle aged or older individuals. The WHO defines elastofibroma as a benign, ill-defined proliferation of elastofibrous tissue characterized by an excessive number of abnormal elastic fibers. 2 In particular, ED sites at the rhomboid major and latissimus dorsi muscles subjacent to the inferior angle of the scapula, 3 and is often attached to the periosteum of the thoracic wall. 4 In rare cases elastofibroma sites are the olecranon, orbits, greater trochanter, deltoid muscle, foot, inguinal region, tricuspid valve, stomach, greater omentum, axilla, and the intraspinal space. 5 Although it is usually unilateral, it may be bilateral in 10% of cases. The reported incidence is 0.23/100 and is more common in females. [5] [6] [7] Children are rarely affected. Patients often report symptoms of pain and uneasiness that in many cases become functionally debilitating. During clinical examination, a palpable and movable tumor, which usually does not show distinct margins to the surrounding soft-tissue, is the typical finding. 8 The differential diagnosis includes subcutaneous tumors or lesions such as lipomas, fibrolipomas, cystic formations or more aggressive tumors. 9 The pathogenesis of ED is still unclear, however, for a long time, it was considered to be a reactive lesion rather than a neoplastic one. Some authors suggest that elastofibroma is a proliferative response of the connective tissue to the mechanical stress due to repetitive trauma and manual labor. 10 Geibel et al. (1996) suggest that ED results from a physiologic aging process, rather than abnormal elastogenesis or degeneration, based on the detection of pre-elastofibroma changes in their sample. 11 In particular, they have observed a weakly elastinophilic material that does not show definite elastic tissue formation. In addition, from a review of the literature, it appears that many other factors could account for ED pathogenesis, including vascular insufficiency, 12 degenerative changes in collagen, 13 an enzymatic defect, 14 and altered elastin fibrillogenesis by periosteal-derived cells. 15 In the latest decade, the application of advanced genetic analysis techniques provide us with evidences of genomic alterations in ED. Abnormalities of the short arm of chromosome 1 are seen in three cases of ED. 16 Comparative genomic hybridization analyses have shown recurrent gains at Xq12-q22, 17 and losses on 1p, 13q, 19p, and 22q; in addition, deletion of CASR (3q21), GSTP1 (11q13), BRCA2 (13q12) and gains on APC (5q21) and PAH (12q23) are observed by MLPA in two cases of elastofibroma. 18 Even though these results are suggestive of a possible neoplastic origin of the lesion, the precise role of chromosomal abnormalities in ED is not yet clarified.
The majority of authors have point their attention to histochemical, immunohistochemical, and ultrastructural properties of ED, in order to clarify two important issues: the nature of the cells, and the origin of abnormal elastic fibers and collagen fibers. It's reported the presence of CD34-positive fibroblasts, while only a few authors agree with the presence of myofibroblasts. 10, 19, 20 As far as extracellular matrix is concerned, fibroblasts are able to produce and remodel the ECM in response to pro-fibrotic cytokines such as TGF-β and others. However, molecular mechanisms involved in collagen and elastic fibers deposition in ED are less understood, and ECM is not completely characterized. On the basis of these considerations, we examined 11 cases of ED using histochemical and immunohistochemical methods, in order to extend the knowledge about ECM and histopathogenesis of ED. In addition, since in vascular smooth muscle and in fibroblasts the cell cycle control appears intimately associated with elastogenesis, 21, 22 we assessed the possibility that the elastin expression rate could be influenced in endothelial cells by mitotic drive.
Materials and Methods

Specimens
A retrospective evaluation of 11 histopathological specimens of ED, diagnosed at the Department of Pathology of the University of Catanzaro, from October 2011 to June 2014. In addition, normal ligamentum flavum of five patients operated for dorsal disc herniation were used as control. This study was approved by the ethical standards of the responsible institutional committee, and all subjects provided their informed consent. The cohort of patients with ED consisted of 4 females and 7 males, with a mean age of 60 years (range 40-70 years). Tumor size ranged from 3 to 10 cm. The lesions were all located at the inferior pole of the scapula, on the right in 5 cases, on the left in 6 cases. The clinical data for all the patients with ED are summarized in Table 1 .
Histology and immunohistochemistry
After surgical excision specimens were fixed in 10% formalin and embedded in paraffin for the following histological examinations. Sections in 4 µm thickness were stained with haematoxylin and eosin, alcian blue pH 2.5 (for the visualization of sulfated and carboxylated acid mucopolysaccharides), with and without testicular bovine hyaluronidase treatment (Bio Optica, Milan, Italy), using standard 
Double immunofluorescence staining
For confocal microscopy, sections were first hydrated in decreasing ethanol gradient solutions and PBS 1X before permeabilisation and blocking with 100 μL of 0.5% Saponin and 10% BSA in PBS 1X for 30 min. In order to identify the distribution pattern of periostin, tenascin and CD34 in peripheral as well as central area of the specimens, two distinct double staining to detect periostin/tenascin and CD34 were performed. Briefly, all sections were incubated with antibody against CD34 for 30 min, followed by secondary antibody Alexa Fluor 633-conjugated anti-mouse IgG (Santa Cruz Biotechnologies, Santa Cruz, CA, USA), for 60 min. Afterwards, sections were incubated with antibodies against periostin or tenascin for 30 min, followed by secondary antibodies Alexa Fluor 488-conjugated anti-rabbit IgG or FITCconjugated anti-mouse IgG (1:400; Santa Cruz Biotechnology), respectively, for 60 min. All procedures were carried out at room temperature. The cells were counterstained with DAPI (2 µg/mL; Santa Cruz Biotechnology), mounted using an antifade mounting medium (Life Technologies, Monza, Italy) and observed at a Laser Confocal Scanning Microscopy (SP2 LSCM, Leica Microsystems). Single staining for CD34, periostin and tenascin-C, as well as negative controls were also carried out. The double immunofluorescence staining procedure was repeated three times.
Cell culture
The human umbilical vein endothelial cells (HUVEC) were plated in 60 mm plastic culture dishes and cultured in ECM medium (ScienCell, Innoprot, Derio-Biskaia, Spain) supplemented with 5% FBS, 1X Endothelial Cells Growth Supplements, penicillin and streptomycin, at 37°C in a humidified atmosphere with 5% pp CO 2 . Fresh medium was replaced every 48 h. Subcultures were obtained by trypsinization and were used for experiments at passages 3 to 5. Elastin expression levels have been assessed at different confluence densities of HUVEC cell culture. HUVECs were seeded at a concentration of 8x10 5 cells/dish, allowed to attach overnight and cultured to an appropriate degree of confluence. Cells were harvested when they reached approximately 20%, 40% 60% and 100% of confluence.
Western blot analysis
After treatments, cells were washed twice with ice-cold PBS and lysed in ice-cold protein lysis buffer containing 50 mmol/L HEPES, pH 7.5, 150 mmol/L NaCl, 10 mmol/L EDTA, 1% Triton X-100, 10 mmol/L Na 4 P 2 O 7 , 100 mmol/L NaF and 2 mmol/L, supplemented with activated Na 3 VO 4 , 1X protease inhibitor cocktail (Roche Diagnostics SpA, Monza, Italy) and 100 mmol/L PMSF. Lysates were incubated at 4°C for 30 min and mixed intermittently using a vortex and then centrifuged at 12,000 ×g for 15 min at 4°C. Supernatant was collected and protein concentration in each sample was deterBrief Report 
Statistical analysis
All results are reported as the mean values ± standard error (SE) of at least three experiments. Statistical analysis was performed with Student's t-test for unpaired data and differences were considered significant for P<0.05. Analysis was performed with SPSS 21.0.
Results
Clinical data
In all the 11 cases, the lesion was located in the dorsal scapular region. All patients underwent surgical complete resection; none suffered a recurrence. Macroscopically, our specimens appeared as irregular masses with indistinct borders and hard elastic consistence. Cut surface displays strands of white and yellow tissue representing adipose tissue, intermingled with fibroelastic tissue.
Microscopic findings
Histological analysis carried out via standard staining (hematoxylin-eosin) revealed the presence of islets of fatty tissue and a moderate cellular component (fibroblasts) associated with intensely eosinophilic matrix with coarse collagen bands and straggling elastic fibers. The elastic nature of fibers embedded in this fibrocollagenous matrix was also confirmed immunohistochemically, and compared to elastic fibers pattern of ligamentum flavum (Figure 1 A-D) . Alcian blue pH 2.5 staining with and without testicular bovine Brief Report hyaluronidase treatment indicated the presence of considerable amount of hyaluronic acid (Figure 2 A,B) .
Immunohistochemical findings
The presence of mast cells tryptase-positive was reported in both central as well as vascularized peripheral regions of ED (Figure 3  A,B) . In addition, diffuse positivity for CD34 was found in the spindle-shaped cells between the collagen fibers and, more relevant in perivascular region (Figure 3 C,D) . Stroma and interspersed spindle cells of ED were positive for both periostin and tenascin-C, with a prominent expression around peripheral vessels more than central area (Figure 4 A,B) . In addition, periostin resulted less expressed than tenascin-C in stromal component of the Brief Report central area of ED (Figure 4 B,D) . The positive signals for the antibodies used in this study were observed in all cases of ED studied. Interestingly, a strong positivity for periostin was reported in ligamentum flavum, so that it was used as positive control ( Figure 4C) . Immunohistochemical results obtained from the 11 cases are also presented in a tabular form (Table 2) .
Immunofluorescence findings
Double immunofluorescence staining for CD34 and periostin or tenascin-C is similar to that observed in immunohistochemistry. CD34 Brief Report positivity was reported in interspersed spindleshaped cells as well as in perivascular region ( Figure 5 A-D) . Positive immunohistochemical signals of periostin were observed diffusely and intensely around peripheral vessels, while they were weak in the central area; both stroma and spindle cells resulted to be positive ( Figure 5  A,B) . Similarly, positivity for tenascin-C was reported in stroma, interspersed spindle cells and perivascular region of ED; also in this case, expression in peripheral area was more prominent than the central area ( Figure 5 C,D) .
Correlation between confluence stage and elastin expression in HUVEC
Elastin protein levels were found to be heavily influenced by the cell growing density ( Figure 6A ). Statistical analysis showed that elastin expression was significantly higher (>9.5 times) in HUVEC at 20% of confluence when compared to the averaged levels of the other confluence stages ( Figure 6B ).
Discussion
In our analysis, we confirmed the presence of CD34-positive spindle cells, fibroblast-like, scattered in a dense mixture of fibers associated with an amorphous matrix of proteoglycan. Mast cells tryptase-positive were diffused throughout the lesion and, above all, around peripheral vessels. Based on these data, and on the fact that many studies recognized mast cells as a key stimulus for fibroblasts, 23, 24 we suggest the involvement of both mast cells tryptase-positive and fibroblasts CD34-positive in elastofibroma development. Interestingly, mast cells and fibroblasts could contribute to elastofibroma pathogenesis either independently or by cross-talking mechanisms. In the first hypothesis, mast cells produce proteoglycans, hyaluronic acid, chondroitin sulphate, and TGF-β, which might contribute to matrix remodeling and angiogenesis (Figure 7) . [24] [25] [26] As a matter of fact, alcian blue staining with and without testicular bovine hyaluronidase treatment confirm the presence of a large amount of hyaluronic acid. At the same time, Brief Report fibroblast-derived periostin and tenascin-C were detected throughout the lesion, and, above all, around vessels. This finding fits well with other studies indicating that matricellular proteins could be incorporated in ECM of remodeling tissues not only during development but also in fibrotic ECM and tumor associated stroma. 27 What are the stimuli for tenascin-C and periostin production? According to recent literature, the production of the tenascin-C and periostin (component of ground substance), as well as of elastin and collagen (structural proteins), by activated fibroblasts, can occur as a consequence of mechanical strain. [28] [29] [30] Consistent with this hypothesis, periostin has been widely recognized as matricellular protein expressed in collagen-rich tissues subject to constant mechanical stresses, such as periosteum, periodontal ligament, and human intervertebral discs. [31] [32] [33] [34] How the release of tenascin-C and periostin in ECM contributes to the pathogenesis of elastofibroma? From a functional point of view, tenascin-C is involved in embryonic development, wound healing, cancer invasion, and regeneration; 35 similarly, it appears that periostin, firstly recognized as protein specifically expressed in periosteal tissues, 36 is expressed in a wide variety of normal adult and fetal tissues, under stress conditions and in cancer. 33, 37, 38 Notably, in a previous study it was suggested that periosteal-derived cells may account for ED development; 15 however, we do not have any evidences which could confirm or exclude this hypothesis. Tenascin-C and periostin cross-talk mechanisms, as well as interaction with other ECM molecules, contribute to collagen fibrillogenesis that occurs in cardiac fibrosis. [39] [40] [41] [42] Therefore, the expression pattern of periostin and tenascin-C reported in our study seem to suggest that tenascin-C-periostin interactions can also occur in pathogenesis of elastofibroma. To date, however, such interactions has still to be proved in ED. Interestingly, the pattern of periostin and tenascin-C reported in our study resemble very closely the distribution of CD34-positivity, suggesting that endothelial-mesenchymal transition events can account for neovascularization in elastofibroma. According to our previous studies, showing a correlation between the number of tryptase-positive mast cells and angiogenesis in cardiac myxoma, pancreatic ductal adenocarcinoma, and neoplastic alterations of gastrointestinal tract, [43] [44] [45] [46] [47] we hypothesize that mast cells could play a role in angiogenesis occurring in ED. Indeed, the involvement of mast cells in angiogenesis has been largely documented. 48, 49 Consistent with our study, it was reported that ED as well as gastrointestinal elastofibroma can develop from perivascular fibrotic lesions containing elastic fibers at various degree of maturation. 50 As far as altered morphology of the elastic fibers in elastofibroma is concerned, its origin is controversial. Some authors suggest that it might be due to genetic predisposition and, 51 in particular, to genomic abnormalities involving genes of elastic fibers metabolism. It's known that after deposition, tropoelastin production is reduced and there is very little turnover of the mature, cross-linked form of the eventual elastin. On the contrary, degradation of elastic fibers occurs spontaneously as a consequence of aging and in chronic inflammatory conditions. 52-54 Moreover, despite the little evidence of elastogenesis in adult tissues, 55 in the event of injury, the production of tropoelastin can be quickly restarted, even though it occurs as an improper process. 56, 57 Interestingly, in the present study elastic connective tissue results to be more prominent in the central part of the lesion than the vascularized periphery. This observation fits well with our study showing as elastin level is heavily influenced by the cell growing density in HUVEC cultures. It's known that HUVEC cells are a heterogeneous population of cells with different proliferative and angiogenesis capability, 58 and in vitro can synthesize, secret and deposit enough extracellular proteins for their adherence. 59, 60 In our study, HUVEC cultures at 20% of confluence display higher expression levels of elastin (>9.5 fold) with respect to the averaged levels reported in cultures at higher confluence. These data seem to suggest a transition from a synthetic to a more differentiated phenotype when cell density increased, providing us a useful model for elastin pattern reported in ED. In this scenario, the lower content in elastin reported in periphery respect to central part of the lesion could reflect the higher level of vascularization. Therefore, we think that the large amount of elastic fibers in ED could derive from a reactivation of tropoelastin production in fibroblasts, during mechanical or hypoxic injury, and elastic fibers pattern reflects fibroblasts density.
In conclusion, our work provides a detailed description of molecular organization of ECM in elastofibroma. The results suggest that matricellular proteins periostin and tenascin-C, together with collagen and elastin, take part in elastofibroma development, most probably via a direct involvement in fibrotic events ( Figure 7 ). In addition, we suggest that both periostin and tenascin-C may play a pivotal role in neoangiogenesis occurring in ED, so that their presence might allow the development of alternative therapeutic strategies in the future. 61 
